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INTRODUCTION

The Florida Keys to Dry Tortugas region was sampled during July, 1998. One

aspect of this evaluation was benthic community characterization, which was accomplished

via sample collection by National Oceanic and Atmospheric Administration (NOAA)

personnel and laboratory and data analysis by Barry A. Vittor & Associates, Inc. (BVA).

The Florida Keys to Dry Tortugas region and 1998 sampling stations are indicated

in Figure 1.

METHODS

Sample Collection And Handling

A Young dredge (area = 0.04 m2) was used to collect replicate bottom samples at

each of 20 stations in and around the Florida Keys to the Dry Tortugas. Macroinfaunal

samples were sieved through a 0.5–mm mesh screen and preserved with 10% formalin on

ship. Macroinfaunal samples were transported to the BVA laboratory in Mobile, Alabama.

Sediment Analysis

Sediment texture was determined at half-phi intervals using the hydrometer

technique for fractions smaller than 44  m and nested sieves for larger particle fractions.

Texture parameters that were computed included percent gravel, sand, and silt /clay. Total

organic carbon (TOC) content was measured as ash-free dry weight expressed as a

percentage.

Macroinfaunal Sample Analysis

In the laboratory of BVA, benthic samples were inventoried, rinsed gently through a

0.5 mm mesh sieve to remove preservatives and sediment, stained with Rose Bengal, and

stored in 70% isopropanol solution until processing.  Sample material (sediment, detritus,

organisms) was placed in white enamel trays for sorting under Wild M-5A dissecting

microscopes.  All  macroinvertebrates were carefully removed with forceps and placed in

labelled glass vials containing 70% isopropanol.  Each vial represented a major taxonomic

group (e.g. Polychaeta, Mollusca, Arthropoda).  All sorted macroinvertebrates were





identified to the lowest practical identification level (LPIL), which in most cases was to

species level unless the specimen was a juvenile, damaged, or otherwise unidentifiable.  The

number of individuals of each taxon, excluding fragments, was recorded.  A voucher

collection was prepared, composed of representative individuals of each species not

previously encountered in samples from the region.

DATA ANALYSIS

All data generated as a result of laboratory analysis of macroinfauna samples were

first coded on data sheets. Enumeration data were entered for each species according to

station and replicate.  These data were reduced to a data summary report for each station,

which included a taxonomic species list and benthic community parameters information.

Archive data files of species identification and enumeration were prepared.

The QA and QC reports for the Florida Keys to Dry Tortugas samples are given in

the Appendix.

The analytical methodologies utilized for this study were similar to those used in

similar benthic community characterization reports prepared for other state and federal

agency surveys.   Macroinfaunal characterization involves an evaluation of several biological

community structure parameters (e.g., species abundance, species composition and species

diversity indices) during initial data reduction, followed by pattern and classification

analysis for delineation of taxa assemblages.  Since species are distributed along

environmental gradients, there are generally no distinct boundaries between communities.

However, the relationships between habitats and species assemblages often reflect the

interactions of physical and biological factors and indicate major ecological trends.

Assemblage Structure

Several numerical indices were chosen for analysis and interpretation of the

macroinfaunal data.  Selection was based primarily on the ability of the index to provide a

meaningful summary of data, as well as the applicability of the index to the characterization

of the benthic community.  Infaunal abundance is reported as the total number of



individuals per station and the total number of individuals per square meter (= density).

Taxa richness is reported as the total number and mean number of taxa represented in a

given station collection.

      Taxa diversity, which is often related to the ecological stability and environmental

"quality" of the benthos, was estimated by the Shannon-Weaver Index (Pielou, 1966),

according to the following formula:
                s

                        H' =   ∑ pi(ln pi)
                                       i=1

where, S = is the number of taxa in the sample,

i  = is the i'th taxa in the sample, and

pi = is the number of individuals of the i'th taxa divided by the total number of 

individuals in the sample.

Taxa diversity within a given community is dependent upon the number of taxa

present (taxa richness) and the distribution of all individuals among those taxa (equitability

or evenness).  In order to quantify and compare faunal equitability to taxa diversity for a

given area, Pielou's Index J'  (Pielou, 1966) was calculated as J' = H'/ln S, where ln S =

H'max, or the maximum possible diversity, when all taxa are represented by the same

number of individuals;

thus, J' = H' /H' max.

Macroinfaunal data were graphically and statistically analyzed to identify any

differences in density and number of taxa per replicate between stations. Data for total

density and mean number of taxa per replicate were ln(x+1) transformed to meet normality

assumptions (Shapiro-Wilk W; SAS Institute, 1997). Data were analyzed using one-way

ANOVA and non-parametric correlation methods (SAS Institute, 1997).

Faunal Similarities

Cluster analysis was performed on the faunal data to examine between-station

differences at the Florida Bay stations and to compare faunal composition at each station



within the study area.  Both normal and inverse cluster analyses were used in this study.

Normal analysis (sometimes called Q-analysis) treats samples as individual observations,

each being composed of a number of attributes (i.e. the various taxa from a given sample).

Normal analysis is instructive in helping to ascertain community structure and to infer

specific ecological conditions between sampling stations from the relative distributions of

species.  Inverse classification (termed R-analysis) is based on taxa as individuals, each of

which is characterized by its relative abundance in the various samples.  This type of

analysis is commonly used to identify species groupings with particular habitats or

environmental conditions.

Classification analysis of both station collections (normal analysis) and taxa (inverse

analysis) was performed using the average linkage method (SAS Institute 1997). In this

method, the distance between two clusters is the average distance between pairs of

observations, one in each cluster. Taxa used in these analyses were selected according to

their percent abundance in the assemblage.  Total densities for each of the selected taxa at a

given station were ln transformed [x=ln(x+1)] before the analyses.

HABITAT CHARACTERISTICS

Location and sediment data for the 20 stations are given in Table 1 and Figures 2, 3,

and 4. Sediment composition at the 20 stations varied considerably from 99% sand at

station 26 to 68% clay at station 32 (Table 1; Figure 2). Gravel (presumably shell/coral

hash)/sand were predominant at most stations, with silt/clay fractions dominating the

sediment at stations 23, 28, 32, 33, 36, 37, 38, and 39 (Figure 3). The total organic carbon

(TOC) fraction of the sediment was uniformly low with all values less than 1% (Table 1;

Figure 4).

BENTHIC COMMUNITY CHARACTERIZATION

Faunal Composition, Abundance, And Community Structure

Table 2 provides a complete phylogenetic listing for all stations as well as data on

taxa abundance and station occurrence. Microsoft ™Excel 5.0 (Macintosh version)
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spreadsheets are being provided separately to NOAA which include: raw data on taxa

abundance and density by replicate, a complete taxonomic listing with station abundance

and occurrence, a major taxa table with overall taxa abundance, and an assemblage parameter

table including data on mean number of taxa, mean density, taxa diversity and taxa evenness

by station.

A total of 6,413 organisms, representing 524 taxa, were identified from the 20

stations (Table 3). Polychaetes were the most numerous organisms present representing

51.1% of the total assemblage, followed in abundance by bivalves (15.6%), other taxa

(13.1%) and malacostracans (10.7%). Polychaetes represented 49.2% of the total number

of taxa followed by malacostracans (21.2%),  bivalves(12.4%) and gastropods (7.8%)(Table

3).

The abundance of major taxa by station are given in Table 4.  The number of taxa

per station ranged from 26 at Station 37 to 146 at Station 26.  The number of organisms per

station ranged from 46 at Station 30 to 940 at Station 4. The percentage abundance of the

major taxa at the 20 stations is given in Figure 4 and Table 4.

The dominant taxa collected from the samples were Rhynchocoela (LPIL),

Sipuncula (LPIL), the polychaete, Axiothella mucosa, and the annelid class, Oligochaeta

(LPIL) representing 3.4%, 2.4%, 2.9% and 2.2% of the total number of individuals,

respectively (Table 2). Oligochaetes, bivalves, and rhynchocoels were the most widely

distributed taxa being found at 90.%, 85.0% and 85.0% of the stations, respectively (Table

2). The distribution of dominant taxa representing > 10% of the total assemblage at each

station is given in Table 5.

Station mean density and mean number of taxa data are given in Table 6 and Figures

6 and 7.  Mean densities per stations exhibited considerable variation and ranged from 76

organisms·m-2 at Station 30 to 7,833 organisms·m-2 at Station 4 (Table 6; Figure 6). The

mean number of taxa per replicate also varied and ranged from 11.7 at Station 30 to 70.3 at

Station 26 (Table 6; Figure 7). Anova results showed significant differences between



Table 3.  Summary of overall abundance of major taxonomic groups for the Forida Keys to 
              Dry Tortugas stations, July 1998.

Total No. Total No.
TAXA Taxa % Total Individuals % Total

Annelida
    Polychaeta 258 49.2 3279 51.1
    Oligochaeta 1 0.2 141 2.2

Mollusca
    Bivalvia 65 12.4 998 15.6
    Gastropoda 41 7.8 244 3.8
    Other Mollusca 5 1.0 16 0.2

Arthropoda
    Malacostraca 111 21.2 687 10.7
    Ostracoda 18 3.4 206 3.2

Other Taxa 25 4.8 842 13.1
TOTAL 524 6413



Table 4.  Summary of abundance of major taxonomic groups by station for the Florida Keys to 
              Dry Tortugas stations, July1998.

No. of No. of
Station Taxa Taxa % of Total Individuals % of Total

4 Annelida 64 47.8 439 46.7
Mollusca 32 23.9 206 21.9
Arthropoda 28 20.9 255 27.1
Other Taxa 10 7.5 40 4.3
TOTAL 134 940

6 Annelida 42 72.4 136 76.4
Mollusca 6 10.3 16 9.0
Arthropoda 5 8.6 12 6.7
Other Taxa 5 8.6 14 7.9
TOTAL 58 178

10 Annelida 31 67.4 82 68.9
Mollusca 3 6.5 5 4.2
Arthropoda 6 13.0 20 16.8
Other Taxa 6 13.0 12 10.1
TOTAL 46 119

11 Annelida 75 68.8 269 66.6
Mollusca 12 11.0 18 4.5
Arthropoda 12 11.0 36 8.9
Other Taxa 10 9.2 81 20.0
TOTAL 109 404

21 Annelida 57 70.4 251 69.7
Mollusca 12 14.8 90 25.0
Arthropoda 7 8.6 10 2.8
Other Taxa 5 6.2 9 2.5
TOTAL 81 360

23 Annelida 41 45.1 112 46.7
Mollusca 12 13.2 42 17.5
Arthropoda 29 31.9 51 21.3
Other Taxa 9 9.9 35 14.6
TOTAL 91 240

25 Annelida 64 47.8 182 40.1
Mollusca 25 18.7 145 31.9
Arthropoda 37 27.6 96 21.1
Other Taxa 8 6.0 31 6.8
TOTAL 134 454



Table 4.  Continued:

No. of No. of
Station Taxa Taxa % of Total Individuals % of Total
26 Annelida 82 56.2 312 59.8

Mollusca 30 20.5 104 19.9
Arthropoda 25 17.1 72 13.8
Other Taxa 9 6.2 34 6.5
TOTAL 146 522

27 Annelida 21 58.3 59 35.5
Mollusca 12 33.3 96 57.8
Arthropoda 0 0.0 0 0.0
Other Taxa 3 8.3 11 6.6
TOTAL 36 166

28 Annelida 58 57.4 186 63.1
Mollusca 22 21.8 42 14.2
Arthropoda 13 12.9 24 8.1
Other Taxa 8 7.9 43 14.6
TOTAL 101 295

30 Annelida 12 50.0 21 45.7
Mollusca 4 16.7 9 19.6
Arthropoda 4 16.7 8 17.4
Other Taxa 4 16.7 8 17.4
TOTAL 24 46

31 Annelida 56 50.0 233 56.4
Mollusca 24 21.4 67 16.2
Arthropoda 23 20.5 76 18.4
Other Taxa 9 8.0 37 9.0
TOTAL 112 413

32 Annelida 58 54.2 265 53.2
Mollusca 23 21.5 110 22.1
Arthropoda 20 18.7 49 9.8
Other Taxa 6 5.6 74 14.9
TOTAL 107 498

33 Annelida 16 45.7 35 31.3
Mollusca 10 28.6 25 22.3
Arthropoda 3 8.6 4 3.6
Other Taxa 6 17.1 48 42.9
TOTAL 35 112



Table 4.  Continued:

No. of No. of
Station Taxa Taxa % of Total Individuals % of Total
34 Annelida 56 54.9 304 58.1

Mollusca 13 12.7 93 17.8
Arthropoda 25 24.5 47 9.0
Other Taxa 8 7.8 79 15.1
TOTAL 102 523

36 Annelida 46 49.5 136 43.6
Mollusca 17 18.3 61 19.6
Arthropoda 22 23.7 39 12.5
Other Taxa 8 8.6 76 24.4
TOTAL 93 312

37 Annelida 11 42.3 18 24.0
Mollusca 8 30.8 22 29.3
Arthropoda 2 7.7 4 5.3
Other Taxa 5 19.2 31 41.3
TOTAL 26 75

38 Annelida 20 47.6 52 37.4
Mollusca 11 26.2 42 30.2
Arthropoda 4 9.5 15 10.8
Other Taxa 7 16.7 30 21.6
TOTAL 42 139

39 Annelida 56 65.1 195 46.0
Mollusca 11 12.8 55 13.0
Arthropoda 12 14.0 42 9.9
Other Taxa 7 8.1 132 31.1
TOTAL 86 424

40 Annelida 37 59.7 133 68.9
Mollusca 5 8.1 10 5.2
Arthropoda 13 21.0 33 17.1
Other Taxa 7 11.3 17 8.8
TOTAL 62 193
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stations in both mean density and mean number of taxa per replicate (Table 7).  Post-hoc

analysis displayed significant differences between specific stations (Table 8).

There was a significant positive correlation between station mean density data and

% gravel+sand in the sediment, and a significant inverse correlation between density and %

silt+ clay in the sediment (Table 9; Figure 8). The number of taxa per replicate was

positively correlated with % gravel+sand in the sediment and inversely correlated with %

silt+ clay in the sediment (Table 9; Figure 9 ).

Taxa diversity and eveness are given in Table 6 and Figure 10. Taxa diversity (H’)

was uniformly high with all stations but two (27 and 37) having diversity values > 3.0;

values ranged from 2.85 at Station 37 to 4.43 at Station 26 (Table 6, Figure 10). Taxa

evenness (J) was also high with all stations but two (4 and 34) having evenness values > 0.8;

values ranged from 0.78 at Station 4 to 0.96 at Station 30 (Table 6; Figure 10).

Cluster Analysis

Normal (stations) and inverse (species) cluster analyses were performed on the

Florida Keys to Dry Tortugas data set and displayed as dendrograms (Figures 11 and 12).

Selection of the species included in the analyses was based on a minimum representation of

0.80% of total individuals. Transformed density data for the 34 taxa selected were included

in a matrix of station and species groups (Table 10). These taxa accounted for 47.6% of the

total macroinfaunal assemblage.

Cluster analysis of the 20 stations was interpreted at a five-group level. Stations 27

and 34 each formed single clusters; stations 30, 33, 37, and 38 formed a unique cluster; and

stations 6, 10, and 11 formed a unique cluster. The remaining stations made up one large

cluster (Figure 11). Cluster analysis of the 34 taxa at the 20 stations was interpreted at a

three group level (Figure 12). Ervilia concentrica made up a single taxa cluster; Axiothella

mucosa, Haustorius jayneae, Axiothella sp. A, Rutiderma mollitum, Lima pellucida, and

Caecum nitidium made up a taxa cluster. The remaining taxa were distributed in one large

cluster (Figure 12).
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Table 8.  Significant differences between number of taxa per station (top) and station densities (bottom) 
for the Florida Keys to Dry Tortugas stations, July 1998

Stations 26 4 25 32 31 34 11 36 39 23 21 28 40 6 38 10 27 33 37 30
26 ns ns ns ns ns ns ns ns ns ns ns ns ns * * * * * *

4 ns ns ns ns ns ns ns ns ns ns ns ns * * * * * *
25 ns ns ns ns ns ns ns ns ns ns ns * * * * * *
32 ns ns ns ns ns ns ns ns ns ns ns * * * * *
31 ns ns ns ns ns ns ns ns ns ns ns * * * *
34 ns ns ns ns ns ns ns ns ns ns * * * *
11 ns ns ns ns ns ns ns ns ns ns * * *
36 ns ns ns ns ns ns ns ns ns * * *
39 ns ns ns ns ns ns ns ns ns * *
23 ns ns ns ns ns ns ns ns * *
21 ns ns ns ns ns ns ns * *
28 ns ns ns ns ns ns * *
40 ns ns ns ns ns * *

6 ns ns ns ns ns ns
38 ns ns ns ns ns
10 ns ns ns ns
27 ns ns ns
33 ns ns
37 ns
30

* indicates significant differences between stations at alpha=0.05
ns=not significant

Stations 4 34 25 26 32 39 21 31 11 36 28 23 40 6 27 38 10 33 37 30
4 ns ns ns ns ns ns ns ns ns ns ns ns * * * * * * *

34 ns ns ns ns ns ns ns ns ns ns ns ns ns ns ns * * *
25 ns ns ns ns ns ns ns ns ns ns ns ns ns ns ns * *
26 ns ns ns ns ns ns ns ns ns ns ns ns ns ns * *
32 ns ns ns ns ns ns ns ns ns ns ns ns ns * *
39 ns ns ns ns ns ns ns ns ns ns ns ns * *
21 ns ns ns ns ns ns ns ns ns ns ns * *
31 ns ns ns ns ns ns ns ns ns ns * *
11 ns ns ns ns ns ns ns ns ns * *
36 ns ns ns ns ns ns ns ns ns *
28 ns ns ns ns ns ns ns ns *
23 ns ns ns ns ns ns ns *
40 ns ns ns ns ns ns ns

6 ns ns ns ns ns ns
27 ns ns ns ns ns
38 ns ns ns ns
10 ns ns ns
33 ns ns
37 ns
30

* indicates significant differences between stations at alpha=0.05
ns=not significant



Table 9.  Correlation coefficients for the Florida Keys to Dry Tortugas data, July 1998.

Correlation Significance 
Variable By Variable (Spearman's Rho) Probability Sign
Density Taxa/Rep 0.953 <0.0001 ****

% Gravel+Sand Taxa/Rep 0.2948 0.0222 *
Density 0.2654 0.0404 *

% Silt+Clay Taxa/Rep -0.3242 0.0115 *
Density -0.3364 0.0086 **

% Gravel+Sand -0.9136 <0.0001 ****

TOC Taxa/Rep -0.2066 0.1133 NS
Density -0.2049 0.1133 NS

% Gravel+Sand -0.7344 <0.0001 ****
% Silt+Clay 0.7203 <0.0001 ****

NS=Not Significant
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Figure 8.  Mean macroinvertebrate densities versus % gravel+sand (top panel) and % silt+clay 
               (bottom panel) for the Florida Keys to Dry Tortugas stations, July 1998.
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Figure 9.  Mean number of macroinvertebrate taxa per replicate versus % gravel+sand (top panel) and 
                 % silt+clay (bottom panel) for the Florida Keys to Dry Tortugas stations, July 1998.
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APPENDIX





 QUALITY ASSURANCE STATEMENT

Client/Project  NOAA     

Work Assignment Title  Florida Keys/Dry Tortugas     

Work Assignment Number       Task Number

Description of Data Set or Deliverable:  60 Benthic macroinvertebrate samples collected in  

July of 1998; Young Dredge grabs.

Description of audit and review activities:  Judged accuracy rates were well above standard

levels for sorting and taxonomy. Laboratory QC reports were completed. Copies

of reports  and QC results follow (see attachments.) All taxonomic data were

entered into computer and printed. This list was checked for accuracy against

original taxonomic data sheets.  

Description of outstanding issues or deficiencies which may affect data quality: None   

_________________________________________________________________
Signature of QA Officer or Reviewer                                                    Date                

_________________________________________________________________
Signature of Project Manager                                                                Date                



 QUALITY CONTROL REWORKS

Client/Project  NOAA   
Work Assignment Title  Florida Keys/Dry Tortugas     Task Number  

  

Sorting Results:
Sample # % Accuracy
23-003 100%
6-001 100%
31-001 100%
32-002 100%
23-002 100%
6-002 100%
39-001 100%      

Taxonomy Results:
Sample # Taxa % Accuracy
36-002 Crust./Moll. 96.8%
30-002 Crust./Moll. 100%
4-001 Crust./Moll.  95.3%
4-002 Crust./Moll. 98.6%
33-002 Crust./Moll. 100%
25-002 Crust./Moll. 96.9%
21-001 Poly./Misc. 97.9%
27-003 Poly./Misc. 96.7%
26-003 Poly./Misc. 100%
4-003 Poly./Misc. 96%
4-001 Poly./Misc. 99.4%
30-001 Poly./Misc. 100%
31-003 Poly./Misc. 95.7%
37-001 Poly./Misc. 100%
40-001 Poly./Misc. 97.6%
6-001 Poly/Misc 100%
11-003 Poly/Misc 97.8%

Description of outstanding issues or deficiencies which may affect data quality:  None

_________________________________________________________________
Signature of QA Officer or Reviewer                                                    Date                



Identification Level Comments

Taxon Name Comments

Rhynchocoela (LPIL) no identifiable characters.
Sipuncula (LPIL) juvenile specimen or missing characters 
Axiothella mucosa
Oligochaeta (LPIL) marine and some estuarine specimens only identified to class.
Lucinidae (LPIL) juvenile specimen.
Bivalvia (LPIL) crushed and/or juvenile specimen.
Capitellidae (LPIL) immature and/or anterior portion only.
Maldanidae (LPIL) fragmented portion, pygidium necessary for positive identification.
Litocorsa antennata
Sabellidae (LPIL) missing branchial crown.
Aspidosiphon albus
Chone (LPIL) genus is lowest possible identification.
Lucina radians
Ervilia concentrica
Haustorius jayneae
Exogone lourei
Fabricinuda trilobata
Prionospio cristata
Prionospio (LPIL) missing identification characters
Rutiderma mollitum
Spionidae (LPIL) missing identificaton characters and/or immature
Tellina (LPIL) due to small size, external and internal characters are not apparent.
Scoletoma verrilli
Actiniaria (LPIL) order is lowest identification level.
Lima pellucida
Rutiderma darbyi
Sphaerosyllis piriferopsis
Axiothella sp.A
Synelmis ewingi
Gammaropsis sp.C
Brachiopoda (LPIL) phylum is lowest identification level.
Aspidosiphon muelleri
Ampharete sp.A
Caecum nitidium


